A new species of Pichia and two new species of Candida are described and were determined to be genetically isolated from all other currently recognized ascomycetous yeasts from their sequence divergence in the speciesvariable DI/D2 domain of large subunit (26S) ribosomal D A. The three species were primarily isolated from the frass of wood-boring insects living in pine and spruce trees. 
Introduction
Identification of yeasts from standard physiological tests can give uncertain results because of strain variability and the metabolic similarities of some species. In the present study, three species were detected that differed somewhat in their physiological properties from currently recognized species (Kurtzman and Fell 1998) , thus suggesting that they might be new. To resolve the uncertainty, domain D1/D2 large subunit (26S) rDNA nucleotide sequences from these three taxa were compared with a data base of D l/D2 sequences from all currently recognized ascomycetous yeasts (Kurtzman and Robnett 1998) . Most ascomycetous yeast species can be identified from their nucleotide divergence in domain DlID2. The analysis demonstrated that the three species are new, and descriptions are presented here. Two of the species assimilate methanol, and one of them, which is ascosporic, represents the first known heterothallic yeast to metabolize this biotechnologically important compound.
Strains of the new species described are listed in Tables 1 and 2 , and all are maintained in the Agricultural Research Service Culture Collection (NRRL), ational Center for Agricultural Utilization Research, Peoria, Ill. Frass samples, from which many of the strains were isolated, were either directly collected by L.J. Wickerham or received by him through cooperative efforts with foresters. The frass samples were collected during summer months from 1949 to 1954. Yeasts were either directly isolated by streaking frass on YM agar plates, or the frass samples were first enriched in Wickerham's isolation medium (Wickerham 1969) followed by streaking on YM plates. After an initial examination, the strains were lyophilized for future study. In the case of the new heterothallic Pichia described here, initial characterization included detection of mating types, but ascospore formation was evidently not observed. Fermentation and assimilation tests and the morphological examination of cultures are as described by Wickerham (1951) and Yarrow (1998) , except that assimilation tubes were agitated on a reciprocal shaker at 25°C for the 4-week incubation period. The composition of all media cited in this report are given by Yarrow (1998) .
rDNA sequencing and sequence analysis
Methods for nuclear D A isolation, amplification of the ca. 600-nucleotide 26S rDNA domain Dl/D2 by the polymerase chain reaction (PCR), and sequencing with the ABI TaqDyeDeoxy Ter- minator Cycle sequencing kit and the ABI model 377 automated D A sequencer (Applied Biosystems Inc., Foster City, Calif.) were previously described (Kurtzman and Robnett 1997) .
Sequence data were visually aligned with QEdit 2.15 (SemWare, Marietta, Ga.). Phylogenetic relationships were calculated with a Power Macintosh 85001120 by the maximum parsimony program of PAUP* 4.0 (written by D.L. Swofford, test version distributed by Sinauer Associates, Sunderland, Mass.) with the simple heuristic search as well as with random addition. Tree lengths were the same from both analyses. Relationships were further analyzed by the Neighbor-Joining program of PAUP* 4.0 with the Jukes-Cantor distance measure. Schizosaccharomyces pombe was the designated outgroup species in all analyses. Confidence limits for phylogenetic trees were estimated from bootstrap analysis (1000 replicates). The nucleotide sequences for the new species reported in this study have been deposited with GenBank under the accession numbers shown in Tables 1 and 2 , and the GenBank accession numbers for reference species were reported by Kurtzman and Robnett (1998) .
Results
Analysis of the D11D2 26S rD A sequences of the proposed new species in a data base consisting of D 11D2 sequences from all currently recognized ascomycetous yeasts showed that the three taxa represent new species. Two of the species, which assimilate methanol, are closely associated with other methanol-utilizing yeasts, whereas the third species aligns with the Pachysolen tannophilus -Pichia holstii clade (Fig. 1) . The ascosporogenous species is assigned to the genus Pichia, and the two anascosporogenous species are placed in the genus Candida.
Latin diagnosis of Pichia ramenticola Kurtzman, sp.nov. In agaro malti post dies 3 ad 25°C, cellulae vegetativae globosae (1.7-4.5 JlIIl), ellipsoideae aut elongatae (1.3-4.6 x 2.1-6.0 JlIIl), singulae vel binae.
In agaro morphologico post dies 7 ad 25°C, incrementum fuscum pallidum, hebes vel nitens et butyrosum. Centrum coloniae sublatum; margo glabro vel undulato. Pseudohyphae et hyphae verae non fiunt.
Species heterothallica. Asci liberi et dehiscentes; 1-3 ascosporae piliformes habentes.
G1ucosum, galactosum et trehalosum fermentantur. Sucrosum, maltosum, lactosum et raffinosum non fermentantur.
Assimilantur glucosum, galactosum, trehalosum, D-xylosum,
Non assimilantur L-sorbosum, sucrosum, maltosum, cellobiosum, lactosum, melibiosum, raffinosum, melezitosum, inulinum, amylum solubile, erythritolum, galactitolum, (1- methyl-D-glucosidum, 2-keto-D-gluconas, 5-keto-D-gluconas, saccharatas, acidum citricum, inositolum et hexadecanum.
Amylum non formatur. Vitaminae externae ad crescentiam necessaria sunt (variabile). Gelatinum non liquescit; esteres non fiunt; pellicula non fiunt.
Augmentum fiunt in temperatura 3rC. Typus: NRRL YB-l985 (CBS 8699), designat stirpem typicam. Isolata a dejectus coleopterorum in Pinus palustris, Wilma, Florida, U.S.A. Syntypus: NRRL YB-3835 (CBS 8700), isolata a dejectus coleopterorum in Pinus sp., Gainesville, Florida, U.S.A. Depositata in Collectione Culturarum ARS (NRRL), Peoria, Illinois, U.S.A.
Description of Pichia ramenticola

Growth on 5% malt extract agar
After 3 days at 25°C, the cells are spherical, 1.7-4.5~, to ellipsoidal or elongate, 1.3-4.6 x 2.1-6.0~, and occur singly and in pairs (Fig. 2) . Budding is multilateral. Growth is thin, tannish-white, dull to semi-glistening, and butyrous.
Growth on the surface of assimilation media
Pellicles are not formed.
Dalmau plate culture on morphology agar
After 7 days at 25°C, neither pseudohyphae nor true hyphae are formed under the coverglass. Occasional rosettes of undifferentiated cells are formed. Aerobic growth is glistening, butyrous, tannish-white, and low convex with a slightly depressed center. The colony margin is entire or finely lobed.
Ascosporic state
Individual strains showed neither conjugation nor ascospore formation after 2 months on YM agar and 5% malt extract agar (MEA) when incubated at 15 and 25°C. Pairing of sexually compatible isolates, as indicated from mating type designations in Table 1 , resulted in conjugation and ascosporulation. The extent of conjugation was less than 0.1 % among the most reactive pairs, and only a few pairings produced ascospores. Mixtures of complementary mating types began to show conjugations after 10 days at 25°C on 5% MEA (Fig. 3) . Fewer conjugations were detected on YM agar and at 15°C. The most fertile complementary strain pair was NRRL YB-l985 x RRL YB-3835. Ascosporulation was detected after 10-15 days. Asci, which become deliquescent, produce one to three hat-shaped ascospores (Fig. 4) .
Fermentation and assimilation tests
Reactions on the fermentation and assimilation tests commonly used in yeast taxonomy are given in Table 3 .
Source of cultures
The 24 strains of P ramenticola examined were isolated from samples collected throughout the U.S. in 1949, 1950, and 1954 (Table 1) . 
Growth on 5% malt extract agar
After 3 days at 25°C, the cells are spherical, 1.8-7.0~, to ellipsoidal or elongate, 1.5-6.0 x 2.3-7.0~, and occur singly and in pairs (Fig. 5) . Budding is multilateral. Growth is tannish-white, glistening, and mucoid.
In addition to the preceding, older cultures (3-5 weeks) that have been incubated at 15°C show a small number of elongated cells that develop terminal clusters of short, sometimes branched, tubules (Fig. 6) . These "medusa head" formations were observed in all strains of C. piceae, but only on 5% MEA at 15°C.
Dalmau plate culture on morphology agar
After 7 days at 25°C, sparingly branched pseudohyphae with few blastoconidia are formed under the coverglass (Fig. 7) , but true hyphae are not present. Aerobic growth is tannish-white, glistening, butyrous, low convex with a slightly depressed center, and with margins that may be entire or lobed.
Growth on the surface of assimilation media
Description of Candida piceae ascosporic species, P. ramenticola is the only one known to be heterothallic.
Latin diagnosis of Candida piceae Kurtzman, sp.nov. In agaro malti post dies 3 ad 25°C, cellulae vegetativae globosae (1.8-7.0~), ellipsoideae aut elongatae (1.5-6.0 x 2.3-7.0~), singulae vel binae.
In agaro morphologico post dies 7 ad 25°C, incrementum fuscum pallidum, nitens et butyrosum. Centrum coloniae sublatum; margo glabro vel undulato. Pseudohyphae fiunt; hyphae verae non fiunt.
Ascosporae non fiunt. Glucosum et trehalosum fermentantur. Galactosum, sucrosum, maltosum, lactosum et raffinosum non fermentantur.
Assimilantur glucosum, galactosum (variabile), L-sorbosum (variabile), cellobiosum, trehalosum, inulinum (variabile), o-xylosum, L-arabinosum, D-arabinosum, o-ribosum, methanolum, ethanolum, glycerol urn, ribitolum, D-mannitolum, 0-glucitolum, salicinum, acidum succinicum (variabile), et cadaverinum.
Non assimilantur sucrosum, maltosum, lactosum, melibiosum, raffinosum, melezitosum, amylum solubile, L-rhamnosum, o-glucosaminum, N-acetyl-o-glucosarninum, erythritolum, galactitolum, a-methyl-o-glucosidum, D-gluconas, 2-keto-o-gluconas, 5-keto-D-gluconas, saccharatas, oL-acidum lacticum, acidum citricum, inositol urn, hexadecanum et potassii nitras. Amylum non formatur.
Vitaminae extemae ad crescentiam necessaria sunt. Gelatinum non liquescit; esteres non fiunt; pellicula non fiunt.
Augmentum non fiunt in temperatura 3rc.
Typus: NRRL YB-2l07 (CBS 8701), design at stirpem typicam. Isolata a dejectus coleopterorum in Picea sitchensis, Juneau, Alaska, U.S.A. Depositata in Collectione Culturarum ARS ( RRL) , Peoria, Illinois, U.S.A.
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Comments
Phylogenetic analysis places P ramenticola most closely to Candida nitratophila (Fig. 1) , but the two species differ from one another at 10 nucleotide positions (1.7%) in domain DlID226S rDNA. The apparent widespread occurrence of P ramenticola in the frass of tree-boring insects suggests that this yeast may have an important role in the ecology of insect-damaged pine forests.
Pichia ramenticola assimilates methanol, a characteristic shown by relatively few yeasts (Kurtzman and Fell 1998) . Ascomycetous species that assimilate methanol include Ascoidea spp., Pichia pastoris, P capsulata, and, with the exception of Williopsis salicorniae, those taxa delimited by Candida nanaspora and C. boidinii in Fig. 1 . Of the Type RRL YB-1985 (CBS 8699), which was isolated from frass in the tunnel of an unidentified wood-boring insect from a longleaf pine, Wilma, Florida, U.S.A., July 1950, was preserved as a lyophilized preparation in the Agricultural Research Service Culture Collection (NRRL) , Peoria, II1. , U.S.A., and is designated as the holotype. Because this species is heterothallic and haploid when isolated from nature, the complementary mating type NRRL YB-3835 (CBS 8700) is designated as the syntype.
Etymology
The species name ramenticola refers to association with bits of wood, i.e., the insect frass from which the strains were isolated. Figs. 5-7. Candida piceae. Fig. 5 . RRL YB-2107, budding yeast cells, 5% MEA, 3 days, 25°C. Fig. 6 . NRRL YB-2148, "medusa head" outgrowths from the tip of an elongated cell, 5% MEA, 5 weeks, 15°C. Fig. 7 . NRRL YB-2107, pseudohyphae, Dalmau plate culture, yeast morphology agar, 7 days, 25°C. Bars = 5 11m.
Type NRRL YB-2107 (CBS 8701), the designated ho1otype, was isolated July 1950 from frass in an insect tunnel from a Sitka spruce, Juneau, Alaska, U.S.A., and is preserved as a lyophilized preparation in the Agricultural Research Service Culture Collection (NRRL), Peoria, Il1., U.S.A.
Source of cultures
The strains examined and their sources are given in Table 3 .
Etymology
The species name piceae refers to the genus name of the spruce (Picea), the source of all known strains of this yeast.
Comments
On the basis of phylogenetic analysis of domain D11D226S rDNA sequences, C. piceae is most closely related to Candida sonorensis (Fig. 1) , from which it differs at 11 nucleotide positions (1.8%).
Latin diagnosis of Candida wyomingensis Kurtzman, sp.nov.
In agaro malti post dies 3 ad 25°C, cellulae vegetativae globosae (2.1-6.3~) aut ellipsoideae (1.5-5.5 x 2.2-7.0~), singulae vel binae.
In agaro morphologico post dies 7 ad 25°C, incrementum fuscum pallidum, nitens et mucosus. Coloniae margo glabro. Pseudohyphae et hyphae verae non fiunt.
Ascosporae non fiunt. Glucosum fermentatur. Galactosum, sucrosum, maltosum, lactosum, raffinosum et trehalosum non fermentantur.
Assimilantur glucosum, cellobiosum, trehalosum, inulinum -rhamnosum, o-glucosaminum, N-acety1-0-glucosaminum, ethanolum, glycerolum, ribitolum (variabile), o-mannitolum, o-glucitolum, salicinum, o-gluconas (variabile) , oL-acidum lacticum (variabile), acidum succinicum, acidum citricum (variabile), cadaverinum et potassii nitras.
Non assimilantur galactosum, L-sorbosum, sucrosum, maltosum, lactosum, melibiosum, raffinosum, melezitosum, amylum solubile, L-arabinosum, methanolum, erythrito1um, galactitolum, a-methyl-D-glucosidum, 2-keto-D-gluconas, 5-keto-o-gluconas, saccharatas, inositolum, et hexadecanum. Amylum non formatur. Vitarninae externae ad crescentiam necessaria sunt. Gelatinum non liquescit; esteres non fiunt; pellicula non fiunt. Augmentum fiunt in temperatura 3rC (variabile) Ascospores were not detected in any of the 12 strains of C. piceae that were examined, or in mixtures of these strains, when grown for up to 4 months on 5% malt extract, YM and RG agars incubated at 15 and 25°C.
Fermentation and assimilation tests
Reactions on standard fermentation and assimilation tests are given in Table 3 . 
Description of Candida wyomingensis
Growth on 5% malt extract agar
After 3 days at 25°C, the cells are spherical, 2.1-6.3 J.lII1, to ellipsoidal, 1.5-5.5 x 2.2-7.0 Jlm, and occur singly and in pairs (Fig. 8) . Budding is multilateral. Growth is tannishwhite, glistening, and mucoid.
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Growth on the surface of assimilation media
Dalmau plate culture on morphology agar
After 7 days at 25°C, neither pseudohyphae nor true hyphae are formed under the coverglass. Aerobic growth is tannish-white, glistening, mucoid, and with an entire margin.
Examination for the presence of an ascosporic state
Ascospores were not detected in any of the six strains of C. wyomingensis that were examined, or in mixtures of these strains, when grown for up to 4 months on 5% malt extract, YM and RG agars incubated at 15 and 25°C.
Fermentation and assimilation tests
Reactions on standard fermentation and assimilation tests are given in Table 3 .
Source of cultures
Type
NRRL YB-2152 (CBS 8703), the designated holotype, was isolated August 1950 from sap of a quaking aspen in the Pole Mountains, near Laramie, Wyoming, U.S.A., and is preserved as a lyophilized preparation in the Agricultural Research Service Culture Collection (NRRL), Peoria, Ill., U.S.A.
Etymology
The species name wyomingensis is derived from Wyoming, the state from which a majority of the strains were obtained.
Comments
Phylogenetic analysis of domain D IID2 26S rDNA sequences indicates C. wyomingensis to be most closely related to Candida wickerhamii (Fig. 1) . The two species differ at nine nucleotide positions (1.5%).
Discussion
Yeast taxonomists have increasingly turned to molecular techniques for species determinations, because traditional methods employing morphology and growth tests often lead to misidentification. One gene sequence of particular interest for species identification of yeasts is the variable 600-nucleotide D IID2 domain of large subunit rDNA. This domain has been sequenced for all currently recognized ascomycetous yeasts (Kurtzman and Robnett 1995 , 1997 , 1998 , and the extent of divergence among taxa has been compared with species determinations made from nuclear DNA reassociation studies. From this correlation, it is predicted that strains with greater than 1% sequence divergence, excluding contiguous deletions, are separate species, whereas strains with less divergence are often conspecific. The impact of this work has been to provide a rapid means for strain identification as well as for detection of new species. Exceptions to the preceding predictions are at present limited to a few taxon pairs showing less than 1% divergence. For example, Saccharomyces bayanus (or) S. pastorianus and Candida shehatae var. shehatae (or) var. lignosa show no differences in domain D 11D2, but comparisons from nuclear DNA reassociation suggest that the pairs are genetically separate species. An additional exception concerns mating types of Metschnikowia agaves, which differ from each other by nearly 1% substitutions (5/600 nucleotides). Reasons for the weak correlation between D11D2 substitutions and extent of nuclear DNA reassociation that is sometimes observed between closely related taxa can be found in the differing mechanisms of species formation. Saccharomyces pastorianus, for example, is believed to represent a hybrid of S. cerevisiae and S. bayanus in which the rRNA genes originated from S. bayanus (Peterson and Kurtzman 1991) . Consequently, if closely related taxa undergo genetic exchange, the resorting of genes may lead to an erroneous perception of relationships, especially if the assessment is based on a single gene sequence. Present data show that once the domain D l/D2 sequences of two strains differ by 1% or greater, the genomes are sufficiently divergent that the strains represent separate species. The new species described in the present study differ from their nearest neighbors by nearly 2% nucleotide substitutions in domain D l/D2, which strongly argues that they are genetically isolated from other known species.
One of the problems facing yeast systematics is circumscription of genera using the principles of molecular phylogenetics. Present data sets usually do not strongly support basal lineages, as is evident from bootstrap values in Fig. 1 , and additional gene sequences are needed before genera can be reliably redefined. The genus Pichia, which comprises nearly 100 species , appears polyphyletic on the basis of various molecular data sets. Yamada et al. (1992 Yamada et al. ( , 1994a Yamada et al. ( , 1994b Yamada et al. ( , 1995a Yamada et al. ( , 1995b proposed transferring many of the species assigned to Pichia into various smaller genera, such as Ogataea (Fig. 1) , from analysis of partial 18S and 26S RNA sequences. Statistical support for the phylogenetic trees derived in these studies is weak, leading to the expectation that more robust data sets will present different groupings of species. For this reason, the new ascosporic species described in this study is assigned to Pichia as it is presently defined from phenotypic properties, but with the expectation that future molecular systematics studies will lead to its reclassification in a phylogenetically circumscribed genus.
